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Gyrotron

From Wikipedia, the free encyclopedia
For the former Montreal amusement park ride, see La Ronde (amusement park).

A Gyrotron is a high powered linear beam vacuum tube which generatéimetitr-wave electromagnetic waves by the cyclotron rasoa of
electrons in a strong magnetic field. Output frequenciegegrom about 20 to 250 GHz, covering wavelengths from miere to the edge of the
terahertz gap. Typical output powers range from tens ofikilts to 1-2 megawatts. Gyrotrons can be designed for poisedntinuous operation.
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Principle of operation

The gyrotron is a type of free electron maser which genetagsfrequency electromagnetic

radiation by stimulated cyclotron resonance of electroaging through a strong magnetic figgl?!

It can produce high power at millimeter wavelengths becassafast wave device its dimensions
can be much larger than the wavelength of the radiation. iShislike conventional microwave
vacuum tubes such as klystrons and magnetrons, in whichakielength is determined by a single-
mode resonant cavity, sow wave structure, and thus as operating frequencies increasesbeant
cavity structures must decrease in size, which limits thewer handling capability.

In the gyrotron a hot filament in an electron gun at one endheftube emits an annular-shaped
(hollow tubular) beam of electrons which is accelerated higha voltage anode and then travels \
through a large tubular resonant cavity structure in a gteotial magnetic field, usually created by a [
superconducting magnet around the tube. The field causedditrons to move helically in tight
circles around the magnetic field lines as they travel lewgge through the tube. At the position in ot _
the tube where the magnetic field reaches its maximum theretes radiate electromagnetic waves Plasma heating in the TCV tokamak fusion
in a transverse direction (perpendicular to the axis of tibe} at their cyclotron resonance reactor, Switzerland. The colored cylinders
frequency. The millimeter radiation forms standing wavethie tube, which acts as an open-ended 2 the tops of the gyrotron tubes.
resonant cavity, and is formed into a beam which radiatesitiir a window in the side of the tube
into a waveguide. The spent electron beam is absorbed byeztolelectrode at the end of the tube.
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As in other linear beam microwave tubes, the energy of thputulectromagnetic waves comes from the kinetic
energy of the electron beam, which is due to the acceleratioge voltage. In the region before the resonant :
cavity where the magnetic field strength is increasingpihpresses the electron beam, converting the longitudinal
drift velocity to transverse orbital velocity, in a processsilar to that occurring in a magnetic mirror used in

plasma confinement! The orbital velocity of the electrons is 1.5 to 2 times theiiahbeam velocity. Due to the
standing waves in the resonant cavity, the electrons betbameched”; that is, their phase becomes synchronized
so they are all at the same point in their orbit at the same fitherefore, they emit coherent radiation. '

The electron speed in a gyrotron is slightly relativistiortgarable to but not close to the speed of light). This _
contrasts to the free electron laser (and xaser) that wodkifterent principles and which electrons are highly Diagram of a gyrotron
relativistic.

Applications

Gyrotrons are used for many industrial and high technola@stihg applications. For example, gyrotrons are used ifeaunéusion research
experiments to heat plasmas, and also in manufacturingindas a rapid heating tool in processing glass, compositesceramics, as well as
for annealing (solar and semiconductors). Military apgiiens include the Active Denial System.
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Manufacturers

The gyrotron was invented in the Soviet UniShPresent makers include Communications & Power Industti&#), Escape Dynamics, Inc.
(http://escapedynamics.com/turning-100kw-microwaystem/) (USA), Gycom (http://gycom.ru/index.html) (Ri#, Thales Group (EU)
,CEERI (http://www.ceeri.res.in) (INDIA), Toshiba (Japaand Bridgel2 Technologies, Inc. (http://www.bridgebn). System developers
include Gyrotron Technology, Inc (http://gyrotronteant)

See also

= Electron cyclotron resonance
= Magnetron
= Klystron
= Cyclotron
= Fusion power
= Tokamak
= Terahertz radiation
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